SUMMARY To examine the possible existence of collateral circulation during coronary artery spasm, we attempted to visualize the transient appearance of collateral vessels that could serve to salvage otherwise jeopardized ischemic areas. In three patients with vasospastic angina, total spastic obstruction of a major coronary artery was associated with transient collateral augmentation, which was supplied by the nonspastic artery during anginal period associated with ST-segment depression. These collateral vessels disappeared when the angina and ST changes resolved after nitroglycerin administration. These findings suggest that the collateral blood supply could transiently occur through preexisting vessels to perfuse the ischemic area during coronary artery spasm and that such collateral flow could have a role in preventing transmural myocardial ischemia, resulting in a lesser degree of ischemia associated with ST-segment depression.
SUMMARY To examine the possible existence of collateral circulation during coronary artery spasm, we attempted to visualize the transient appearance of collateral vessels that could serve to salvage otherwise jeopardized ischemic areas. In three patients with vasospastic angina, total spastic obstruction of a major coronary artery was associated with transient collateral augmentation, which was supplied by the nonspastic artery during anginal period associated with ST-segment depression. These collateral vessels disappeared when the angina and ST changes resolved after nitroglycerin administration. These findings suggest that the collateral blood supply could transiently occur through preexisting vessels to perfuse the ischemic area during coronary artery spasm and that such collateral flow could have a role in preventing transmural myocardial ischemia, resulting in a lesser degree of ischemia associated with ST-segment depression.
PATIENTS with Prinzmetal's variant anginal who exhibit ST-segment elevation during anginal episodes have severe coronary artery spasm.2 In some cases with angina pectoris with ST-segment depression, such a dynamic coronary narrowing may also play a pivotal role in provoking myocardial ischemia.4 6Ex-perimental and clinical results suggested that ST-segment deviation might depend not only on the severity and location of spasm, but also on the extent of collateral development.7 10 Yasue et al.'0 reported that in vasospastic angina, the existence of collateral circulation was associated more frequently with ST depression than with ST elevation. The ST-segment depression during a vasospastic attack may also result from collateral channels through which coronary flow can be established in the presence of pressure gradients created by the spasm. However, such collateral vessels, which may appear transiently, could not easily be demonstrated because of technical difficulties in visualizing simultaneously the spastic and nonspastic artery donating collateral flow. We describe three patients with exertional or rest angina pectoris in whom collateral vessels from nonspastic arteries to the ischemic area were transiently visualized during ergonovine-induced coronary artery spasm.
Case Reports and Methods

Case 1
A 42-year-old man who had had a 6-month history of exertional and rest angina was admitted to our clinic. His anginal attacks were spontaneously relieved within a few minutes, but were sometimes accompanied by cold sweating and nausea. Physical findings were normal. An ECG, which showed incomplete right bundle branch block without any significant STsegment deviation during nonanginal periods (fig. IA), revealed ST-segment depression (0.05-0.1 mV) in leads II, III, aVF, V5 and V6 when the patient had spontaneous anginal episodes ( fig. 1B) . Coronary arteriography was performed using the Judkins techniquell in the right anterior oblique view. Using the arterial percutaneous catheter introducer (HEMA-QUET, USCI), the left and right coronary catheters could be changed within 30 seconds, allowing us to obtain both left and right coronary arteriograms almost simultaneously. ECGs were continuously recorded in the standard 12 leads with x-ray transparent carbon fiber electrodes (X-transrode, Nihon Kohden). Initial right coronary arteriography revealed a 90% narrowing of the proximal right coronary artery (RCA). Left coronary arteriography revealed faint visualization of the distal RCA through collateral vessels from the left coronary system. However, the peripheral RCA was not completely opacified by such jeopardized vessels ( fig. 2A) fig. 6 ).
In the present study, ST-segment elevation, which represents transmural myocardial ischemia,°10 was not observed during spontaneous or ergonovine-induced angina. Rest angina was relieved by nifedipine, 40 mg/ day, and isosorbide dinitrate, 20 mg/day.
Discussion
In these three patients with vasospastic angina, a spastic obstruction of the major coronary artery was associated with transient augmentation of collateral flow that was supplied by the nonspastic coronary artery. Such an instantaneous supplementation of collateral flow to the ischemic area may account for the paradoxical ST-segment deviation during coronary artery spasm.
The vasospastic obstruction that occurs in the proximal coronary artery was usually accompanied by ST-segment elevation due to transmural myocardial ischemia.4l1 However, it has been suggested that STsegment depression, often observed during vasospastic attacks, occurs as the result of subendocardial ischemia due to either an incomplete occlusion of a large coronary artery, a complete occlusion of a small coronary artery or patent collateral circulation.7-10 The existence of collateral channels, through which coronary blood flow could be augmented in the presence of pressure gradients created by the spasm, may also result in ST-segment depression. However, to our knowledge, no attempts have been made to angiographically visualize such collateral vessels that could transiently perfuse the ischemic area.
Our angiographic procedures, in which the left and right coronary arteriograms could be obtained almost simultaneously, enabled us to demonstrate that the total vasospastic obstruction of the major coronary artery was accompanied by significant augmentation of the collateral supply, which had been faintly or never visualized during nonanginal period. Such collateral vessels completely disappeared when the angina and ST changes resolved after NTG. These observations indicate that transient collateral supply could occur through preexisting vessels during coronary artery spasm.
Gensini'4 had described such a dynamic visualization of collateral vessels in Prinzmetal's variant angina, suggesting that the pressure gradients abruptly produced between the spastic and nonspastic coronary arteries might induce the collateral flow. These forms of collateral appearance were considered not to be the artifactual demonstration of collateral channels, which had been visualized in coronary arteriograms with forceful injection of the contrast material in a wedged position, ' 
